Happiness is among the most fundamental of all human goals. Although the short-term association between physical activity and happiness is well known, the long-term associations are not. Data from the National Population Health Survey cycles conducted between 1994/1995 and 2008/2009 (cycles 1 through 8) were analyzed. Happy respondents were classified as physically active or inactive at baseline and then were followed up in subsequent cycles to examine their likelihood of becoming unhappy. Individuals who changed their activity level also were examined. After controlling for potential confounding factors, the authors found that leisure-time physical activity (LTPA) was associated with reduced odds of unhappiness after 2 years and 4 years. People who were inactive in 2 consecutive cycles were more than twice as likely to be unhappy as those who remained active in both cycles after 2 years. Compared with those who became active, inactive participants who remained inactive were also more likely to become unhappy. A change in LTPA from active to inactive was associated with increased odds of becoming unhappy 2 years later. This study suggests that LTPA has a long-term association with happiness. Changes in LTPA are associated with subsequent mood status.
Happiness-a state of mind or a feeling characterized by contentment, love, satisfaction, pleasure, or joy (1, 2)-is considered among the most fundamental of all human goals (3, 4) . Growing evidence indicates that happiness also influences health (5, 6) . Conversely, unhappiness-a state of being not cheerful or glad (7)-is related to mental and physical problems such as depression, cardiovascular diseases, lower immune response, and a shorter life span (8) (9) (10) . Recognizing this, and following the lead of France, the United Kingdom recently adopted the measurement of happiness, alongside gross domestic product, as a national indicator (11) .
Cross-sectional studies of the general population have shown that physical activity is associated with happiness (12, 13) . Generally, this has been assumed to be an effect of physical activity on mood (14) . However, it is possible that the reverse is true and that happiness results in more physical activity. Cross-sectional studies cannot establish the temporal sequencing of the relation between happiness and physical activity. Numerous intervention studies have found mood improvement both soon after physical activity (15) (16) (17) (18) and after 1 year (19) . However, these studies suffer from methodological limitations, including small sample size (15) (16) (17) (18) (19) , consideration of only a specific subpopulation (15) (16) (17) (18) (19) , and defining physical activity as exercise during sport, which fails to capture other recreational activities (15) (16) (17) (18) .
We are not aware of any published study that has investigated the long-term association between physical inactivity and unhappiness. Therefore, the objective of the present study was to assess the long-term associations of baseline and sustained leisure-time physical activity (LTPA) with self-reported happiness.
MATERIALS AND METHODS

Study population
We analyzed data from the household survey of the National Population Health Survey (NPHS), a biennial longitudinal survey on the health of Canadians conducted by Statistics Canada. The sample for the household survey component of the NPHS includes household residents of all ages in the 10 provinces but excludes people living on Indian Reserves and Crown Lands or in some remote areas of Ontario and Quebec, full-time members of the Canadian Forces living on base, and long-term residents of hospitals or residential-care facilities. Only participants who were 12 years of age or older at any given cycle were included in the present analyses.
NPHS design
In the first cycle (1994/1995), data were collected by computer-assisted personal interview from a randomly selected household representative; thereafter, biennial follow-up was primarily through telephone-assisted personal interview of the selected respondent (20 The research team used longitudinal data from cycles 1 (1994/1995) through 8 (2008/2009 ) for this study. We conducted analyses at the Public Health Agency of Canada offices, using the Share microdata health file for the household survey of NPHS, which includes only those participants who agreed to share their data with Health Canada and the Public Health Agency of Canada. The share rate in 1994/1995 was 98.5%.
NPHS measures
The NPHS assesses LTPA by asking respondents whether they had participated in any 1 of 20 activities (e.g., walking for exercise, gardening, bicycling, swimming, fishing) in the previous 3 months. Frequency of LTPA was measured on the basis of the monthly frequency of LTPA lasting more than 15 minutes per session. Activity intensity was based on energy expenditure. Energy expenditure was calculated by multiplying the number of times the activity was performed by the average duration of the activity by the energy cost (kilocalories per kilogram of body weight per hour) of the activity and was the sum of the average daily energy expenditures of all activities. Respondents were classified as active if their average daily energy expenditure exceeded 2.9 kcal/kg, as moderately active if their average daily energy expenditure was 1.5-2.9 kcal/kg, and as inactive if their average daily energy expenditure was less than 1.5 kcal/kg (20) . Other studies have successfully used this classification of LTPA for various age groups (21, 22) . In our study, we combined "moderately active" with "active" to gain enough statistical power to assess the association between changes in LTPA and unhappiness.
To assess happiness, we used the predefined responses to the question: "Would you describe yourself as being usually …?" Predefined responses were "happy and interested in life," "somewhat happy," "somewhat unhappy," "unhappy with little interest in life," and "so unhappy that life is not worthwhile." We combined "happy and interested in life" with "somewhat happy" responses into an overall "happy" category and combined the rest as "unhappy." This single item is part of the Health Utilities Index Mark III questionnaire that is part of every cycle of the NPHS survey. Our chosen method of categorizing participants as happy or unhappy is consistent with the measurement of subjective happiness, which is defined by asking respondents to state how happy they are (23) . Because respondents are asked how they usually are, they must reflect on their habitual mood states and integrate this information into an overall appraisal. This single-item measure has been validated as a 1-item measure of overall mental health in population health surveys (24) . Similar items have been used widely in the literature on well-being (23, 25) .
To clarify the temporal sequencing of events, we excluded respondents with preexisting unhappiness at baseline from the analysis. To minimize the potential confounding of clinical depression on mood assessment, we also removed those with depression at both baseline and outcome. NPHS assesses depression via the Composite International Diagnostic Interview Short Form for Depression and defines "probable" depression as a probability of 90% or higher. We also excluded people who reported the use of antidepressants.
Unhappy respondents with different levels LTPA at baseline were followed up to examine the change of mood status after 2 years. The study covariates included selected sociodemographic factors (e.g., age, sex, marital status, body mass index (weight (kg) / height (m) 2 ), income, educational level, employment status), smoking status, alcohol consumption, any major chronic diseases (e.g., asthma, diabetes, cancer, arthritis, heart disease), and perceived social support. We also included restrictions on activity and activities not undertaken because of pain, self-rated health, and long-term disabilities in the models to assess the associations between activity changes and mood while controlling for these confounding factors.
In NPHS, some aspects of the social support module were changed after the first 2 cycles. In the original module, yes/no answers were solicited for the following 4 questions: 1) "Do you have someone you can confide in or talk to about your private feelings or concerns?" 2) "Do you have someone you can really count on to help you out in a crisis situation?" 3) "Do you have someone you can really count on to give you advice when you are making important personal decisions?" 4) "Do you have someone who makes you feel loved and cared for?" Although the same questions were asked for the rest of the NPHS cycles, respondents were asked how often each of these social supports was available (26) . To simplify comparability with the first 2 NPHS cycles, those who responded "none of the time" or "a little of time" were recoded as having "no" support of the type described. Those who responded "some of the time," "most of the time," or "all of the time" were recoded as "yes" to indicate having social support of the type described.
Statistical analysis
To examine the difference in the odds of becoming unhappy between physically active and inactive respondents in each cycle of the NPHS, we created a personperiod data set for bivariate analyses. A period (or interval) refers to a 2-cycle interval. Each respondent contributed 1 observation for each period, to a maximum of 7. We used this data structure to estimate a discrete-time proportionalhazards model using logistic regression with a complementary log-log link (27) . First, the cross-sectional association between LTPA and happiness was estimated. Then, longitudinal analyses were conducted. LTPA was a time-varying covariate, with LTPA at time T predicting unhappiness at time T + 2 or T + 4 years among those who were initially happy. Then, LTPA at times T and T + 2 was used to estimate the odds of unhappiness at T + 4. Finally, changes in LTPA from time T to T + 2 were used to estimate unhappiness at T + 4. All analyses were run in SAS Enterprise Guide (SAS Institute, Inc., Cary, North Carolina) and used Statistics Canada's bootstrap procedure to take into account the complex survey design to calculate 95% confidence intervals (20) .
RESULTS
Our results show that in cycle 1 (1994/1995), inactive respondents were more likely to be older, female, obese, widowed/separated/divorced, not working for at least 1 year before the study, below the low-income cutoff, and daily smokers; to not be regular drinkers; and to lack social support (see Table 1 ). The prevalence of self-reported unhappiness was 3.3% in NPHS cycle 1. The proportion of respondents who self-reported unhappiness for the first time was 2.4% in cycle 2, 2.0% in cycle 3, 1.9% in cycle 4, 2.1% in cycle 5, 2.0% in cycle 6, 1.7% in cycle 7, and 1.7% in cycle 8.
After we controlled for age, sex, marital status, employment status, educational level, income, body mass index, chronic diseases, social support, and other confounding variables, we found that physical activity to be significantly associated with self-reported happiness at baseline (odds ratio (OR) = 1.85, 95% confidence interval (CI): 1.49, 2.29). After the aforementioned variables were controlled for, longitudinal analyses indicated that inactive respondents who self-reported happiness at baseline were at greater risk of being unhappy after 2 years (OR = 1.49, 95% CI: 1.13, 1.95) and 4 years (OR = 1.45, 95% CI: 1.06, 1.97) of follow-up than those who were active.
Unhappy participants who were physically active at baseline were 13% more likely to become happy after 2 years than those who were physically inactive. However, this did not reach statistical significance (hazard ratio = 1.13, 95% CI: 0.50, 2.56). Initially happy respondents who were inactive both at baseline and at 2 years of follow-up were more than twice as likely to self-report unhappiness after 2 years than those who were active in both cycles (OR = 2.26, 95% CI: 1.50, 3.40).
Many individuals changed their activity status between follow-up periods. About 91% of respondents changed their activity levels at least once between NPHS cycles 1 and 8. Respondents who were inactive at both baseline and 2 years of follow-up had greater than 3 times the odds of being unhappy at 4 years of follow-up (OR = 3.28, 95% CI: 1.75, 6.14) of those who were inactive at baseline but active at 2 years of follow-up. Meanwhile, those who went from being active at baseline to inactive at 2 years of follow-up were 1.7 times (OR = 1.65, 95% CI: 0.95, 2.84) as likely to be unhappy at 4 years of follow-up as those who remained active at both baseline and 2 years of follow-up. However, the results did not reach statistical significance.
DISCUSSION
To our knowledge, this is the first study to explore the long-term association between LTPA and changes in unhappiness in a prospective manner. In this large populationbased sample, analyses that excluded people who were unhappy at baseline showed an inverse association between LTPA and unhappiness. Because we controlled for age, body mass index, marital status, employment, educational level, income, chronic disease, social support, and healthrelated activity limitations in the models, it is unlikely that the observed association between LTPA and mood after 2 years and 4 years can be explained by these factors, although there could be residual confounding due to incomplete control for these factors or factors not measured, such as a change in residence. Because people with depression were not included in the analysis, our results are unlikely to be due to a protective association of physical activity on depression that has been demonstrated in one of our previous studies (28) . The protective association of LTPA on happiness was observed for those respondents who were active during 2 consecutive 2-year cycles, compared with those who were inactive in both. Those who were active in only 1 cycle had higher odds of becoming unhappy than those who were active in both, which suggests that continuity of LTPA also is related to happiness. Results also suggest that changing from being inactive to being active could protect against unhappiness over time. Furthermore, because we controlled for the presence of activity restrictions and chronic health conditions in the models, it is unlikely that these conditions accounted for the observed associations. Assessing the relations in this study independent of underlying health problems and functional limitations is particularly important because such conditions are likely to be associated with both inactivity and unhappiness. Overall, our findings with regard to changes in activity level provide even stronger evidence that LTPA might protect against unhappiness. However, intervention studies would be needed to confirm this result. The results indicate that the likelihood of happiness is modified when activity level is changed. Furthermore, the protective associations
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Although measures of mood generally used in such studies capture a transitory state, happiness as assessed in our study refers to a global subjective assessment of an individual's happiness and satisfaction with life in general (23) . Indeed, general well-being measured through questions such as the ones used in our study increasingly is recognized as central to a population's well-being (3, 11) . This global approach to measuring well-being is particularly important when interventions to increase physical activity are assessed with regard to their potential longer-term impact on happiness or subjective well-being.
Our study had several limitations. Although happiness is self-reported as a global assessment at a single point in time, a more robust assessment could include a more comprehensive scale or multiple assessments over a shorter period of time. Nonetheless, happiness is necessarily a selfgenerated evaluation (23) . Additionally, self-reported indicators are widely accepted by community-based studies and are considered to be the most convenient and least expensive way to collect data in large populations (29) . Limitations associated with the physical activity measure include its reliance on self-reported activity levels, which could have led to misclassification of respondents. In addition, intensity of physical activity might have different associations on happiness. Unfortunately, the sample sizes were insufficient to assess the relation of LTPA with mood using 3 different activity levels, so the moderate and high activity levels were combined. Finally, the representativeness of the study population could be affected by the loss to follow-up in the survey.
Many psychological hypotheses attempt to explain the beneficial effects of physical activity on happiness. These hypotheses suggest that physical activity could serve as a distraction from unfavorable stimuli, improve selfconfidence, and increase social interactions that would lead to mood enhancement, which when extended over time could result in increases in happiness as measured in our study. There could be physiologic explanations for our findings, given that LTPA also is associated with changes that might affect mood, including changes in neurotransmitters, body temperature, and differential activation of hemispheres of the brain associated with positive and negative mood (30) .
In conclusion, the findings of the present study indicate that, among happy participants, LTPA is associated with a decreased likelihood of becoming unhappy. Moreover, LTPA also might help to maintain happiness over time. This protective association is associated with continuity of LTPA, and change in LTPA is associated with subsequent changes in happiness 2 years and 4 years later. Given the importance of happiness as a basic human need that is increasingly recognized as an important protective factor for mental and physical health (4-6, 11), these findings support further exploration of LTPA as a way to promote population happiness and improve well-being.
